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Abstract The microengineered MEMS ion-sorption micropump with field-emission electron source has been shown. 
Effective emission properties of the carbon nanotubes cathode ensured satisfactory efficiency of residual gas 
ionization (1 % at 3×10−5 hPa), showing possibility of active pumping of volume of circa 0,05 cm3 below 10-5 hPa.   
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
Creation and stabilization of vacuum inside miniature microengineered MEMS and nanoelectronic 
devices (NE) are two of the most important difficult procedures of the micro/nano system fabrication 
[1,2]. Large surface-to-volume factor, significant degassing of inner surfaces and interlayers (usually 
glass-silicon, bonded anodically in vacuum) as well as permeation of an external gaseous atmosphere, are 
the dominating processes leading to degradation of the vacuum here. At the moment, commonly accepted 
method of vacuum stabilization inside MEMS/NE is so called MEMS-getter technique, developed mainly 
by SAES-getter company (Italy). In this technique, small printable or pill-like portion of a non-evaporable 
getter (NEG) is placed prior to final encapsulation inside to-be-sealed cavity. Further on, the gettering 
material is thermally activated and starts “pumping” residual gas atmosphere trapped inside the cavity. 
Usually it allows to stabilize vacuum at circa 10-3 hPa level, which is sufficient in some MEMS/NE 
applications [1,2], but cannot be accepted in new micro and nanoelectronic devices (Thz/NIR generators, 
X-Ray sources of free-electron lasers [3]). The above mentioned future-electronic devices need at least 
10-5 hPa, what is beyond capability of the getter technique. On the other hand, creation and stabilization 
of high vacuum inside MEMS/NE devices cannot be obtained by standard pumping systems, which are at 
least 1000 times larger.  
The other problem is determination of the pressure level inside vacuum MEMS. There are only a few 
types of microsensors able to measure pressure inside microcavities described in the literature: sensors 
with thin membranes, thermo-conductive sensors or oscillators [4]. They could be integrated with a 
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proper vacuum microdevice, but this entails the necessity of building complex micromechanical 
structures and electronic steering systems.  
In this paper authors describes the first complete device which can be used for both: generating and 
monitoring vacuum on wafer level. It is a miniature microengineered ion-sorption pump, which can be 
integrated with other vacuum microdevice. In assumptions, it should decrease the pressure to the desired 
level and basing only on the current-voltage characteristics one should be able to obtain an information 
about its value.  
2. Results and discussion 
The proposed micropump is equipped with a lateral, CNT field-emission electron source. Emitted 
electrons ionize gas molecules which are attracted as ions by a collector and gettered by thin-film Ti 
layer. Additional NEG getter creates initial vacuum (10-3 hPa). The micropump consists of 2 silicon and 2 
glass wafers (fig. 1), and has a volume of ~0.05 cm3. Cathode and anode of the electron source are formed 
in the bottom silicon substrate, and the second substrate serves as a collector of ions. All of the electrodes 
are separated with glass spacers and the whole structure is hermetically sealed using vacuum anodic 
bonding process.  
 
  
 
(a) (b) (c) 
Fig. 1. Silicon/glass micropump: (a) schematic drawing,; (b)micropump without a collector; (c) finished device 
 
Basic characterization of the “open” micropump (via-hole intentionally drilled in glass spacer for gas 
penetration) was done inside a vacuum chamber with accurately controlled vacuum of 3×10−5 hPa. 
Fowler-Nordheim curve (fig. 2a) showed high effectiveness of electron emission for cathode-anode 
distance of 250 μm, chosen as a compromise between emission/ionization properties. Effective ionization 
was noticed for higher anode polarization. The maximum ion current (1% of the anode current) was 
observed for Uc-a = 800-1000 V (fig 2b).   
 
  
(a) (b) 
Fig. 2. I-V characteristics for the “open” test structure; pressure 3×10−5 hPa: (a) cathode-anode characteristics; (b) ion-to-electron 
current versus collector polarization voltage  
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We assumed that in our micropump ion current is proportional to pressure as observed in widely 
applied macro ion-sorption pumps. To confirm that several measurements of current-voltage relations 
have been done for “open” structure of the micropump. The response to pressure of collector current Icol 
versus collector-cathode polarization Ucol taken for chosen cathode-anode voltage Uc-a is evident (fig. 3).  
 
   
(a) (b) (c) 
Fig. 3. Icol-Ucol characteristics under 3×10−5 hPa and 5×10−4 hPa: (a) Uc-a=500 V; (b) Uc-a=800 V; (c) Uc-a=1000 V (open structure). 
 
Basin on Icol-Ucol |Uc-a=500 V characteristics for different vacuum levels (fig. 4a) scaling curve showing 
maximum ion current Icol max versus pressure was obtained (fig. 4b, approximation to the points marked on 
blue). Fallowing, sealed in vacuum 10-3 hPa version of the micropump, with NEG getter has been 
prepared and measured. The sealed micropump has shown characteristics similar to the open device  
Icol-Ucol |Uc-a=500 V (fig. 4c, pink line). The maximum ion current equaled to 300 nA. After that, 5 additional 
pumping cycles have been provided. The ion current decreased to circa 20 nA (fig 4c, blue line). Next, 
Uc-a=600 V was applied and 3 on-off cycles were done. After initial increase of the ion current it returned 
to a value similar then before (fig. 4d). The final vacuum inside micropump, deduced from scaling curve 
(fig. 4a) was well below 10-5 hPa, at least 2 orders of magnitude better that can be obtained by NEG getter 
technique.     
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(c) (d) 
Fig. 4. (a) Scaling curve – ion current as a function of vacuum level for Uc-a= 500 V; (b) I-col-Ucol characteristics for Uc-a=500 V 
(open structure), (c) ) I-col-Ucol characteristics for Uc-a=500 V (sealed structure), (d) pumping characterisation: maximum ion current 
versus pumping cycles. 
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Additional confirmation of the results reported above has come from measurements done for micro-
sealed version of classical Bayard-Alpert (B-A) gauge developed by us especially for the purpose of this 
work (fig. 5a). The B-A gauge was fabricated with use of blow-glass technique. Traditional configuration 
of electrodes (thermal cathode of tungsten, spiral anode and wire collector) was placed and sealed inside  
8 mm ID glass tube. The dead volume of B-A gauge was 0.85 cm3. As expected collector ion current is 
almost linearly proportional to vacuum level (fig. 5b) and reaches 20 nA for 10-5 hPa. This corresponds to 
a value reported for our micropump, additionally confirming our results.    
 
 
 
(a) (b) 
Fig. 5. Micro B-A gauge: (a)  photograph; (b) collector ion current vs pressure. 
3. Conclusion 
The complete ion-sorption MEMS-type micropump has been fabricated. The device has shown 
good ionization efficiency of gas molecules and is capable to reach 10-5 hPa vacuum inside circa 0.05 cm3 
volume. In further works the pump will be equipped with a separate vacuum-meter based on B-A 
principle, which has been described in the paper. Our future goal is to integrate a micropump with micro 
B-A gauge to have a possibility to control and calibrate work of the micropump. 
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